A new and general methodology is described for the targeted enrichment and subsequent direct mass spectrometric characterization of sample subsets bearing various chemical functionalities from highly complex mixtures of biological origin. Specifically, sample components containing a chemical moiety of interest are first selectively labeled with perfluoroalkyl groups, and the entire sample is then applied to a perfluoroalkyl-silylated porous silicon (pSi) surface. Due to the unique hydrophobic and lipophobic nature of the perfluorinated tags, unlabeled sample components are readily removed using simple surface washes, and the enriched sample fraction can then directly be analyzed by desorption/ionization on silicon mass spectrometry (DIOS-MS). Importantly, this fluorous-based enrichment methodology provides a single platform that is equally applicable to both peptide as well as small molecule focused applications. The utility of this technique is demonstrated by the enrichment and mass spectrometric analysis of both various peptide subsets from protein digests as well as amino acids from serum.
Introduction
Affinity-based fractionation schemes are often applied to complex protein samples before mass spectrometric characterization to focus the analysis on a particular subset of analytes of interest. These methodologies rely on highly selective chemical or biological affinities exhibited by various classes of capture reagents such as biotin-strepavidin, lectins, aptamers, immobilized chelated metals, etc. [1] [2] [3] [4] [5] Typically, samples are first incubated with the appropriate affinity ligand immobilized onto a solid support. This support is then extensively washed to remove non-binding entities as well as other sample contaminants. Finally, the analytes of interest are eluted from the affinity resin and characterized by MS. By comparison, direct mass spectrometric characterization of enriched analytes still bound to the affinity capture reagent should provide more rapid and sensitive analyses of targeted analytes. There have been numerous reports in the literature describing the use of various laser desorption/ionization techniques to analyze species directly from the surface of affinity reagents. [6] [7] [8] [9] [10] [11] [12] [13] Here, we describe a new variation of such an affinity/enrichment approach based on the unique interplay between fluorous-tagged analytes and a fluorous-silylated DIOS surface.
Since the introduction of fluorous biphasic catalysis techniques, 14 the field of fluorous chemistry has expanded rapidly. 15 The term "fluorous" was coined to represent highly fluorinated (or perfluorinated) species in a way analogous to how "aqueous" represents water-based systems. Fluorous molecules are solvophobic, in that they prefer to reside in a fluorous environment rather than an organic or aqueous phase. Fluorous solidphase extraction (FSPE) takes advantage of this unique property to easily separate fluorous-labeled species from non-labeled species utilizing fluorous-functionalized media. 16 Traditionally, this technology has been used for the targeted synthesis and subsequent purification of small molecules, 17, 18 peptides, 19 and oliogonucleotides. 20 However, the utility of fluorous-based methodologies has recently been extended to more biochemical focused applications such as proteomics 21, 22 and microarray construction. 23 Recently, the development of silylated DIOS surfaces has been reported. 24 The chemical functionality of such surfaces can readily be manipulated by employing simple silylation reactions on an ozone-oxidized porous silicon (pSi) interface. Because of this flexibility, it allows chemical interactions of high selectivity to be used for affinity/enrichment and/or purification methods on silylated DIOS surfaces that enable on-plate sample clean up and subsequent analyses with improved sensitivity and reproducibility. Herein, we describe the use of perfluoroalkyl-silylated DIOS targets as affinity surfaces that enable the direct enrichment and subsequent mass spectrometric analysis of targeted analyte subsets from complex mixtures. Importantly, the same fluorous derivatization and enrichment methodology can readily be applied for the selec-tive fractionation and direct analysis of both peptidic as well as small molecule-containing samples. We also demonstrate for the first time the potential advantages of pre-analysis fractionation of metabolomic samples by functional class in the analysis of amino acids in serum samples.
Experimental Section
Materials. All reagents were obtained in high purity from Sigma-Aldrich (St. Louis, MO) or Fisher Scientific (Fairlawn, NJ) except when noted otherwise. Ammonium bicarbonate (NH4HCO3), trifluoroacetic acid (TFA), glucose, bovine serum albumin (BSA), bovine R-casein, iodoacetamide (IAA), dithiothreitol (DTT), barium hydroxide (Ba(OH)2), tris(2-carboxyethyl)phosphine hydrochloride (TCEP‚HCl), sodium triacetoxyborohydride (NaBH(OAc)3), tetrahydrofuran (THF), urea, dimethyl sulfoxide (DMSO), phenylalanine, and tyrosine were obtained from Sigma (St. Louis, MO). Hydrofluoric acid (HF), glacial acetic acid, Optima-grade acetonitrile (CH 3CN), and Optima-grade methanol were obtained from Fisher Scientific. Sequencing grade modified trypsin (Tp) was obtained from Promega (Madison, WI). Leptin peptide fragment (116-130) amide (mouse) was from Bachem (Torrance, CA).
propan-1-ol, and 1H,1H,2H,2H-perfluorooctyl-1-thiol were purchased from Fluorous Technologies, Inc. (Pittsburgh, PA). (Heptadecafluoro-1,1,2,2-tetrahydrododecyl)dimethylchlorosilane and (tridecafluoro-1,1,2,2-tetrahydrooctyl)trichlorosilane were obtained from Gelest, Inc. (Morrisville, PA). Water was purified by a Barnstead Nanopure system (Dubuque, IA). Stock solutions for all small molecules were prepared by reconstituting a lyophilized sample in milli-Q water at 1 mg/mL and performing additional serial dilutions as needed.
Derivatization of Small Molecules. A volume of 100 µL was aliquoted from a stock solution of the appropriate small molecule (amino acids and simple carbohydrates) into a 2 mL glass capped vial and slowly evaporated to dryness. Amino acids were derivatized to their esters by dissolving the dried aliquot in 150 µL of the appropriate alcohol and 50 µL of concentrated HCl and incubating the mixture at 65°C for 1 h. Excess reagent was removed by evaporating the reaction mixture to dryness. The derivatized samples were reconstituted with 50% MeOH/H 2O and a series of working solutions were prepared in water. Simple carbohydrates were derivatized by reductive amination using perfluorinated amine and NaBH-(OAc) 3 as the reducing reagent. 25 Briefly, dried carbohydrates (30 nmol) were dissolved in 8 µL of anhydrous DMSO containing 3 µL of 0.3 M perfluorinated amine and 1 µL of acetic acid. Five microliters of 6.2 M NaBH(OAc)3 were added, and the mixture was incubated at 65°C for 1.5 h. The derivatized sample was applied to a strip of Whatmann 3MM chromatography paper (Fisher Scientific) and allowed to dry. The paper was placed in a chromatography tank containing CH3CN and the solvent was allowed to rise to the top of the paper. The spot at the origin was cut out and extracted with 150 µL of 50% MeOH/H 2O, and a series of working solutions were prepared in water.
Fluorous Chromatographic Separation of Esterified Amino Acid. Fluorous chromatography 18 was performed with an Agilent 1100 series fitted with capillary pump heads on a 150 mm × 4.6 mm FluoroFlash HPLC column (Fluorous Technologies Incorporated) at a flow rate of 1 mL/minute. Gradient separation included a linear gradient of 85-100% B over 10 min was used to elute the esterified phenylalanine. Mobile phase A was 50 mM ammonium acetate and mobile phase B was 0.1% formic acid in MeOH.
Preparation of the Amino Acid Extract from Serum Samples. Cold methanol (100 µL) was added to human serum (male, H-1388; Sigma-Aldrich) samples (50 µL) and the mixture was vortexed for 1 min. Samples were placed for 20 min in a 4°C block to aid protein precipitation and then centrifuged at 13 400× g for 10 min at 4°C to pellet the protein. The supernatant was transferred into a clean 2 mL glass vial and derivatized using the amino acid reaction protocol described previously. The derivatized extracts were reconstituted with water.
Fluorous Fluorous Derivatization of Phosphoserine/Phosphothreonine Residues. R-casein (10 µM, 5 µL) were combined with an equal volume of 3:1 DMSO/ethanol (v/v), followed by the addition of 4.6 µL of saturated Ba(OH) 2 and 1 µL of 500 mM NaOH. Finally, 0.7 µL of 1H,1H,2H,2H-perfluorooctane-1-thiol was added and the solution allowed to react at 37°C for 1 h. The reaction was stopped by the addition of 5 µL of 5% TFA (v/v), and the reaction mixture was diluted directly into SDS-PAGE loading buffer.
Processing and In-Gel Digestion of Labeled Proteins. SDS-PAGE was performed using 1 mm thickness 10-20% TrisGlycine polyacrylamide minigels (Invitrogen, Carlsbad, CA), loaded with 50-100 pmol of derivatized protein. Molecular weight marker standard was run in both flanking lanes. The gel slab was then stained with colloidal Coomassie blue (Invitrogen, Carlsbad, CA) for 4 h, followed by destaining in water overnight. Excised protein gel bands were first cut into small cubes (2-3 mm) with a sterile razor blade and added to 0.5 mL microcentrifuge tubes. The gel cubes were subjected to a repeated wash and dehydrate cycle involving addition of 50 µL of 100 mM ammonium bicarbonate for 10 min, removal, then 25 µL of acetonitrile for 10 min and removal. Next, the dehydrated gel cubes were vacuum-dried for 5 min. Finally, the gel cubes were rehydrated in 20 µL of 50 mM ammonium bicarbonate solution containing 10 ng/µL trypsin (Promega, Madison, WI) and incubated at 37°C overnight. Tryptic peptides were recovered by repeated extraction (3×) with 80% acetonitrile/0.2% TFA (v/v). The peptide extracts were combined then dried in vacuo. The samples were then reconstituted in 60% methanol containing 10 mM ammonium formate as preparation for fluorous surface enrichment experiments.
DIOS Chip Preparation. The details of DIOS chip preparation have been described elsewhere. 26, 27 Briefly, DIOS chips were prepared by etching low resistivity (0.005-0.02 Ω-cm) n-type Si(100) wafers (Silicon Quest International, Santa Clara CA) in 25% v/v hydrofluoric acid/ethanol under white light illumination at a current density of 5 mA/cm 2 for 2 min. Photopatterning was performed to create 100 sample spots on each chip. Immediately after etching, the DIOS chip was rinsed with ethanol and dried under a stream of N2 to give an H-terminated surface, then oxidized by direct exposure to ozone (flow rate of 0.5 g/h) from an ozone generator (Epotech, Houston, TX) directed at the surface for 30 s. After ozone oxidation, the DIOS chip surface was placed in a Petri dish and covered with 100 µL of silylating reagent for fluorous modification.
Chemical Modification of pSi Surfaces. Surface derivatization involved the modification of hydroxyl groups present on the ozone-oxidized porous silicon surface by silylation with either (tridecafluoro-1,1,2,2-tetrahydrooctyl)trichlorosilane or (heptadecafluoro-1,1,2,2-tetrahydrododecyl)dimethylchlorosilane. 24 These reactions generate perfluoroalkyl-derivatized DIOS surfaces. Each silylation reaction was performed by adding 15 µL of the appropriate silylating reagent onto the surface of the oxidized DIOS chip, placing the chip in a glass Petri dish and incubating it in an oven at 65°C for 15 min. The modified DIOS chip was then rinsed thoroughly with methanol and dried under a stream of N 2.
Mass Spectrometry. DIOS-MS experiments were conducted on an Applied Biosystems Voyager STR mass spectrometer operated in the positive ion mode. This instrument was equipped with automated and multisampling capabilities for rapid sample analysis. DIOS chips were attached to a modified MALDI target plate with conductive tape. After any on-chip washing protocols, samples were desorbed from the surface by irradiation with a 337 nm N 2 laser operated at 5 Hz. The accelerating voltage was set to 20 kV and the delayed extraction time to 150 ns to obtain optimized mass resolution. Mass spectra were generated by averaging at least 100 individual laser shots into a single spectrum.
Electrospray ionization (ESI) tandem MS analysis of fluorous derivatized species was performed on a Micromass Q-ToF micro system equipped with a Z-spray electrospray source and a lockmass sprayer in the positive ion mode. Samples were introduced by direct infusion using an integrated syringe pump at a flow rate of 5 µL/min. The source temperature was set to 110°C with a cone gas flow of 50 L/h, a desolvation gas temperature of 365°C, and a nebulization gas flow of 350 L/h. The capillary voltage was set at 2.8 kV and the cone voltage at 25 V. The collision energy was set at 16 V.
Safety Considerations. Extreme care should be taken in handling hydrofluoric acid solutions because of their toxicity and corrosiveness. All inhalation, ingestion, or skin and eye contact should be strictly avoided. Etching of silicon wafers should be conducted in a ventilated fume hood using proper double-layered nitrile gloves, lab coat, and face shield. Hydrofluoric acid solution spills and burns can be neutralized and treated with 2.5% calcium gluconate gel.
Results and Discussion
To date, fluorous methodologies have overwhelmingly been employed as processing aides for the targeted synthesis and purification of specific small molecules. Accordingly, we reasoned that such samples would enable an effective initial evaluation of the feasibility of using fluorous-silylated DIOS targets to directly affect both the enrichment and subsequent MS analysis of fluorous labeled species. Figure 1a provides a schematic representation of such an on-target fluorous enrichment and analysis experiment. All components of a sample bearing a chemical functionality of interest are first selectively labeled with perfluoroalkyl groups using a chemoselective reaction as shown in Scheme 1. After removal of excess reagent, the entire sample is transferred to a fluorous-silylated DIOS target, and if desired, analyzed in its entirety by DIOS-MS. The resulting sample area is then repeatedly washed with a solution containing a significantly high percentage of organic solvent (i.e., 50% MeOH). These washes remove the majority of species bound to the surface primarily by hydrophobic interactions, thus enriching the fluorous labeled species on the analysis target and enabling their subsequent focused analysis. Figure 1b shows the DIOS-MS analyses of the crude reaction products of either the reductive amination of glucose using a C 8F17-functionalized amine (left) or the esterification of tyrosine with a C6F13-functionalized alcohol (right). The deposited samples (∼100 pmol and 10 fmol of fluorous tagged glucose and tyrosine, respectively) were then repeatedly washed with 50% MeOH in water, and the DIOS-MS analyses were repeated. Clearly, this washing procedure removed many of the impurities observed in the mass spectrum of the crude reductive amination reaction mixture, thus affecting a dramatic enrichment of the fluorinated analyte. By contrast, the esterification reaction contained few background peaks that stayed after washing. Significantly though, the fluorous reaction product was fully retained on the DIOS target despite the application of numerous high organic content washes.
Solutions containing such high percentages of organic solvent are known to disrupt hydrophobic interactions between most small molecule analytes and C18 columns in reversedphase high performance liquid chromatography (RP-HPLC). However, to unequivocally demonstrate the unique enrichment opportunities provided by this fluorous methodology, we needed to preclude the possibility that the observed phenomenon originated primarily as a result of the significant hydrophobicity of perfluoroalkyl chains. To this end, we examined the effect of increasing methanol percentage in the wash solution on the noncovalent binding interaction between a fluorous affinity capture surface and phenylalanine esterified with either 3-(perfluorobutyl)propan-1-ol or 1-heptanol. Multiple identical samples of each ester were deposited and dried on individual analysis sites on a fluorous silylated DIOS target and subsequently washed with solutions of differing percentages of methanol in water. Each sample was then analyzed by DIOS-MS, and the average signal intensities from triplicate measurements were plotted as a function of the percentage of MeOH in the wash solution. As shown in Figure 2a , an increase in the level of organic solvent is required to remove the fluorous ester from the surface of the DIOS target, despite the fact that both alcohols used for the esterification possess identical carbon chain lengths. Additionally, the retentions of two fluorous and two non-fluorous esterified compounds on a fluorous chromatography column bearing a Si(CH 2)2C8F17 bonded phase were measured using an increasing gradient of methanol in 50 mM ammonium acetate. As seen in Figure 2b , the fluorous esters were highly retained on the column, with the longer fluorous chain derivative being more tightly bound. In contrast, the non-fluorous compounds eluted early from the column with little distinction between derivatives of different alkyl chain length. Taken together, these results demonstrate that the unique selectivity observed is clearly not primarily a function of increased hydrophobicity but rather reflects a unique interplay between fluorous-tagged analytes and the fluorous-modified target surface. 
Scheme 1. Fluorous Derivatization of Small Molecules
Having demonstrated the feasibility of this fluorous-based methodology to enable the selective enrichment and subsequent direct DIOS-MS analysis of small molecules, we decided to explore whether the same platform could also be employed for the enrichment and analysis of peptide subsets. Given the fact that the appended fluorous affinity tags utilized would constitute a significantly smaller relative percentage of the mass of a labeled peptide compared to that of a typical small molecule, it was decided to first test the feasibility of this methodology using labeled peptide standards. Thus, the cysteine residue of the 20 µM leptin peptide fragment (116-130) amide was reacted with the fluorous alkylating reagent N-(1H,1H,2H,2H-perfluordecyl)iodoacetamide and purified as described. A solution containing a 5:1 mixture (v/v) of 20 µM each of the unmodified and fluorous-labeled peptide was deposited on a fluorous-silylated DIOS target, air-dried and analyzed. As shown in Figure 3a , peaks for both the unmodified and labeled peptides were observed at their expected m/z values of 1561 and 2079, respectively (see inset), as well as a peak at a m/z value of 3120 corresponding to the dimer of the untagged leptin peptide formed by covalent disulfide linkage in solution. By contrast, after washing the same sample location with 60% MeOH in water and repeating the DIOS-MS analysis, only signals for the labeled peptide and its potassium salt were observed.
The same labeled peptide standard was also spiked into a 200 fmol tryptic digest of BSA in order to test the effectiveness of the enrichment methodology in the presence of numerous other peptides spanning a broader range of hydrophobicity. This mixture was deposited onto the fluorous-silylated DIOS surface, air-dried, and analyzed. As shown in Figure 3b , numerous peaks corresponding to predicted BSA tryptic peptides were observed in addition to the fluorous labeled species. By contrast, analysis of the same location after washing with 60% MeOH in water showed a dramatic reduction in the signals of the various assigned BSA tryptic peptides with a concomitant enhancement in sensitivity of at least 20-fold for the fluorous labeled peptide and its potassium salt.
Having demonstrated the effective surface enrichments obtainable using fluorous affinity tags and fluorous-silylated DIOS surfaces, we next sought to demonstrate that the required labeling reactions could effectively be performed on protein samples. Thus, reduced BSA, which contains 35 cysteine residues, was alkylated at the protein level by reacting its cysteine residues with N-(1H,1H,2H,2H-perfluorooctyl)iodoacetamide. The labeled protein was then subjected to all the operations typical of gel-based proteomics (i.e., SDS-PAGE, in gel tryptic digestion and extraction of all resulting peptides from the gel whether labeled or not), and the extracted peptides were deposited on a fluorous-silylated DIOS target, air-dried, and analyzed. Figure 4a shows the DIOS-MS spectra of the spotted sample. LC-MS/MS experiments of the same sample allowed for the observation of 19 fluorous labeled peptides (allowing for a single miscleavage), which were identified from MS/MS database search using Mascot (Supplementary Figure 1 , Supporting Information). However, unlike in LC-MS/MS analysis where peptides are separated in time and analyzed, fewer peptides were observed due to signal suppression that occurs when all peptides are present simultaneously in a DIOS-MS analysis. In addition, the presence of chemical reagents for tagging and fluorous-byproducts also contributed to signal suppression. As a result, only two fluorous peptides and 5 unlabeled peptides were observed on the unwashed sample (Figure 4a ). Despite this, the resulting DIOS mass spectrum exhibits strong signals corresponding to expected masses of both native as well as fluorous labeled tryptic BSA peptides as seen in Figure 4a . By contrast, washing the deposited sample with 50% MeOH in water and subsequent DIOS analysis yielded a spectrum exhibiting signals corresponding to the fluorous labeled peptides. In addition, another species at m/z 534 was retained after on-surface washing indicating that this species is a reaction byproduct.
Similarly, Figure 4b demonstrates the selective enrichment and analysis of phosphopeptides using a different chemical derivatization scheme. Intact R-casein was subjected to -elimination under basic conditions followed by Michael addition of 1H,1H,2H,2H-perfluorooctane-1-thiol, and the resulting modified protein was processed as described previously. The extracted peptides were deposited on a fluoroussilylated DIOS target, air-dried and analyzed. As seen in Figure  4b , the resulting DIOS mass spectrum exhibits numerous strong signals corresponding to expected R-casein tryptic peptides, but no signals corresponding to the derivatized phosphopeptides are observed. By contrast, washing the deposited sample with 60% MeOH in water and subsequent DIOS analysis yielded a spectrum in which the two most intense peaks correspond to the C6F13-labeled R-casein phosphopeptides, VPQLEIVPNsAEER and YKVPQLEIVPNsAEER (m/z values of 1943 and 2235, respectively). The identities of these two peptides were confirmed in a separate LC-MS/MS experiment (data not shown). Combined, these two examples demonstrate that the described fluorous labeling and enrichment techniques are completely compatible with SDS-PAGE processing. More importantly, this surface enrichment methodology enables the facile analysis of both the full initial sample (i.e., protein . DIOS-MS spectra before and after employing a surface washing step of the tryptic digests of (a) 2 pmol BSA alkylated with a fluorous iodoacetamide, and (b) 1 pmol R-casein subjected to -elimination followed by Michael addition with a fluorous thiol (* and ** indicate BSA and R-casein untagged tryptic peptides, respectively). identification) as well as a targeted subset (i.e., identification of post-translational modifications) from the same target location simply by employing a facile surface washing procedure.
On the basis of these results, we decided to investigate whether this highly facile fluorous-mediated fractionation of samples into subsets bearing specific chemical functionalities would similarly benefit metabolomics analyses. It is well-known that the identification and characterization of metabolites in complex biological matrices such as serum is hindered by the presence of proteins, inorganic salts, and endogenous background compounds. 28, 29 These species cause signal suppression and thus should be removed to improve the sensitivity and the reliability of the analysis. Proteins are typically removed by precipitation in organic solvents 30 whereas inorganic salts are separated from the majority of endogenous organic compounds by solid-phase extraction procedures. However, the subsequent analysis of species of interest is typically performed in the presence of all other endogenous metabolites. Thus, we reasoned we would be able to improve the analyses of specific species by first affecting their enrichment employing fluorous analogs of classic metabolite derivatization chemistries.
An enrichment scheme targeting metabolites bearing carboxylic acid moieties was investigated, as this functionality is a common chemical motif present in endogenous metabolites and is amenable to tandem MS analysis after esterification. Indeed, esterification is a commonly used derivatization scheme in neonatal screening, as it facilitates amino acid analysis by increasing the ionization efficiencies of these compounds. 31 Thus, endogenous metabolites were extracted from serum using cold methanol, and after drying, were esterified with either 3-(perfluorobutyl)propan-1-ol or the typically employed 1-butanol for comparison. These derivatizations result in a mass shift of 260 Da for the fluorous alcohol or 56 Da for butyl alcohol per carboxylic acid moiety reacted. The derivatized extracts were reconstituted in water and deposited onto a fluorous-silylated DIOS surface using DIOS solid-liquid extraction. 24 As shown in Figure 5 , the DIOS spectrum of the sample derivatized with the fluorous alcohol exhibits significantly improved signals for the esterified amino acids of phenylalanine, proline, glutamic acid, aspartic acid and leucine/ isoleucine compared to the sample derivatized with 1-butanol. Additionally, signals for the esterified amino acids of tyrosine and valine are only observed in the spectrum of the fluorousderivatized sample. The assignment of these species was confirmed by both DIOS post source decay (PSD) as well as ESI-MS/MS analyses (Supplementary Figures 2, 3 , and 4, Supporting Information). Presumably, this improved sensitivity results from the selective enrichment of the fluorous-derivatized species away from other endogenous background metabolites not containing a carboxylic acid moiety. This supposition is bolstered by the fact that PSD and ESI-MS/MS analyses of other prominent signals in the fluorous-derivatized sample show the same characteristic neutral loss of 306 Da exhibited by the esterified amino acids (see Figure 5a inset), indicating that these species also contain carboxylic acid functionalities. A rapid desorption ionization technique such as DIOS-MS for the analysis of amino acids in human serum could potentially be very powerful since many inherited metabolic disorders such as phenylketonuria (PKU) can routinely and accurately be diagnosed by monitoring the concentration ratio of certain amino acids in extracts of neonatal blood specimens. 28, 32, 33 
Conclusions
Fluorous affinity methodologies afford a straightforward and facile method for purification and enrichment of samples prior to mass spectral analysis. Specifically, the unique interplay between fluorous-derivatized species and the surface of a perfluoroalkyl-silylated DIOS target enables the direct enrichment and subsequent mass spectrometric analysis of targeted analyte subsets from complex mixtures. Importantly, the same fluorous derivatization and enrichment methodology can readily be applied for the selective fractionation and direct analysis of both peptide as well as small molecule based samples. Accordingly, this methodology has been utilized to show for the first time the benefits of fractionation of small molecule samples by functionality before mass spectral analysis.
